The main goal of this paper is to define the best location for the STATCOM compensator in order to minimize active power losses in the grid, using Particle Swarm Optimization algorithm.
Introduction
The cost of transmission lines tower and conductors and power losses during the operation often limit the available transmission capacity [1] . There are many cases where economic energy delivery is constrained by the transmission capacity. In a deregulated environment, an effective electric grid is vital to provide reliable electric energy supplies to customers at all voltage levels [2] .
Recently, increased demands on electric energy transmission and the need to provide access to generating companies and customers have created tendencies toward lower security and reduced quality of supply. The FACTS technology is promising to reduce some of these difficulties by enabling utilities to get more performance from their transmission facilities and to enhance grid reliability [3] . An optimal power flow (OPF) approach was proposed to minimize network energy losses by means of reactive power control using FACTS devices while satisfying the network operating voltage and thermal limits.
The idea of optimal power flow was introduced in the early 1960s as an extension of conventional economic dispatch to determine the optimal settings for control variables with respect to various constraints. The term OPF is used as a general name for a large series of network optimization problems. Many different approaches have been proposed to solve OPF problems.
The general OPF problem is formulated to minimize the general objective function F(x, u) while satisfying constraints g(x, u) = 0 and/or h(x, u) ≤ 0 where g(x, u) represents nonlinear equality constraints (power flow equations) and h(x, u) is nonlinear inequality constraints on the vectors x and u. The vector x contains the dependent variables including bus voltage magnitudes and phase angles and the reactive power output of generators designed for bus voltage control. The vector x also includes fixed parameters, such as reference bus angles, uncontrolled active and reactive powers for generators and loads, fixed impedances, line parameters, etc. The active power losses minimization is usually required when cost minimization is the main goal.
The following assumptions are usually made to formulate the losses objective:
 Losses minimization is made following the cost minimization. Hence the active power generations excluding the slack bus generation are held at their optimal values.  Generator bus voltages and transformer tap ratios are used as control state variables. Shunt reactances and phase-shifting transformers angles are held at their rated values.
 Transformer tap ratios are treated as continuous variables during the optimization. Afterwards they are adjusted to the nearest tap position and reiterated.
 Current flows are controlled approximately, using restrictions on the real and imaginary components of the complex voltage drop across the lines.
Contingency constraints are neglected. Mathematical description of the objective function for active power losses minimization in the power system is given by the sum of active power losses in all branches and transformers.
There are many optimization algorithms with many techniques appropriate only for certain type of problems. Thus, it is important to be able to recognize the task characteristics in order to identify an appropriate solution method. In each task class, there are different minimization methods distinguished in computational requirements, convergence properties, etc. Optimization problems are classified according to the mathematical characteristics of the objective function, the constraints, and the control variables. Probably the most important characteristic is the nature of the objective function.
Particle Swarm Optimization (PSO) is an optimization method based on the principles of natural selection and genetics. This method can look for more solutions simultaneously. PSO generates random initial particles in the first step and then it applies velocity vectors to update the particles until a process stop condition is satisfied. It requires the test function calculation to determine how a reached solution is good [4] . PSO has been used for solving many power engineering tasks, e.g. UPFC placement and its parameters optimization for possible load increasing, distributed generation placement and sizing optimization with respect to customers' electricity cost or economic dispatch [5] , [6] , [7] .
Particle swarm optimization is similar to a genetic algorithm in a way that the system is initialized with a population of random solutions. However, each potential solution (called a particle) obtains a random velocity and then it moves through the problem n-dimensional space. PSO has been found to be very efficient in solving a wide range of engineering problems. It can be implemented very simply and solve the tasks very quickly. During several past years a great effort has been devoted to the research of the optimal STATCOM design and its appropriate placement by means of the PSO strategy [8] - [11] . A good review of modern optimization techniques useable in the field is presented in [12] . In our paper we use the PSO strategy to optimize active power losses in a power system by the STATCOM optimal placement.
Problem formulation
Electric power losses in transmission and distribution systems depend mainly on the system configuration, elements (power lines, transformers) parameters and a current operational state. The active power losses reduce the efficiency of energy transmission to customers and increase the operational costs. Therefore they are highly monitored, analyzed and minimized. As for elements models, the losses are caused mainly du to series resistances (by flowing currents), partially by shunt resistances (by operational voltage). Considering only the series resistances, the total active power losses in a distribution system can be calculated as follows
where n is the total number of branches in the system, I i is the current flowing in branch i, R i is the resistance and of branch i. The distribution network ended by consumers is the terminal stage of power system. The problems that may be found in the distribution network affect both consumers and utilities. One of these problems is the voltage drop that must be reduced to keep the voltages at load points within standard limits. The voltage drop problem may arise when lateral radial feeders with a long distance or feeding large loads are used. Thus the voltage at different nodes of the system must be controlled. The voltage control means generally reactive power control. Consequently, controlling the reactive power and the node voltages result in a reduction of power loss. To enhance the voltage and to control the reactive power, the distribution systems are equipped with many voltage controlling devices.
The (Fig. 1) . The function of a VSC is based on a fully controllable voltage source matching the system voltage in phase and frequency and with amplitude which can be controlled continuously and rapidly so as to be used as the tool for reactive power control. The main goal of the following case study is to define the best location for the STATCOM compensator and to minimize active power losses in grid, using Particle Swarm Optimization algorithm.
We consider 14 nodes in a power system with two voltage levels: 400 kV and 220 kV. The first five nodes are on 400 kV and the others are on 220 kV. Node 1 is a slack bus. The different voltage levels are connected by three phase control transformers 400/231 kV with tapchanger on the secondary side ±11x1.13 % (Fig. 2) .
The blue area is a generating/load area for the 400 kV voltage level, the green area is a generating/load industrial area and the red area is a generating/load housing estate for the 220 kV voltage level. In the present research we formulate four main experiments:
1) Calculation of the network operating parameters without optimization. 2) Calculation of the network operating parameters after optimization -optimization was performed in order to reduce total active power losses in the system without and with using STATCOM.
3) Simulation of generator sources outages:
gradually calculated cases with and without using STATCOM when sources outages were assumed and it was assumed that the outage is just in only one source in each of these cases. We did not consider the outage in the node 1 because this node is a balancing node. In all cases, the optimization was performed in order to keep all operational restrictions under permitted deviations while reducing the total active power losses in the network. 4) Simulation of the line disconnection between the nodes 8 and 9 was considered because this line is the second most overloaded line for the voltage level 220 kV (most overloaded line for the level 220 kV is the line between nodes 7 and 8 but the disconnection of that line caused a similar state as it was mentioned in case 3, i.e. disconnection of the source at node 7). The objective was to keep any operational restrictions under permitted deviations while reducing the total active power losses in the network
Simulation results
The control variables are reactive powers on generators and taps on tap-changing transformers for cases without STATCOM. The reactive power generated/consumed by STATCOM is a control variable in cases with STATCOM. All simulations were performed in the program MATLAB™ using the Particle Swarm Optimization method.
We consider the following operational restrictions in all calculations: 1) Maximum voltage permissible deviations in the nodes: 5 % for both voltage levels. Table II show results of the experiment 3 described above, for the states with and without STATCOM. Table II shows the bus number where STATCOM was connected and the amount of reactive power that STATCOM supplied / absorbed from network. Experiment 4 -in this case we turn off the line between the nodes 8 and 9. In the first case the simulation was performed without STATCOM (green color). In the second case STATCOM is connected (purple color).
As we can see in Fig. 6 it is possible to achieve lower active power losses with STATCOM in comparison with the case without STATCOM. STATCOM was placed at the node 13 and supplied the reactive power 87.589 MVAr. The voltage profile is shown for both states in Fig. 7 and the changes of the active power flow in all lines for both states are presented in Fig. 8 . 
Conclusions
This paper describes theoretical and practical applications of FACTS devices such as STATCOM for voltage control and active power losses optimization. The idea and development with applying STATCOM for the optimization is presented.
STATCOM provides an improvement in power quality and active power consumption stabilisation. This effect could be used in applications where a variable load voltage should be compensated. It would result in a power stability improvement and decrease a risk of critical events caused by those sources. Using STATCOM, we are able to control the voltage at the node to which this device is connected and at the same time it is possible to reduce active power losses.
The shown simulation provides information for STATCOM design and placement in power grids. Applying Particle Swarm Optimization showed the potentials to use this method in power grids to improve their operation and selected criteria.
